J . Org. Chem. 1989,54, [6018] [6019] [6020] [6021] from 12. The overall yield of 1 from 3 is 27%. As previously described, 35J2 is readily available in enantiomerically homogeneous form from cis-l,4-diacetoxycyclopentene.
The stereochemical outcome at C13 arising from the coupling of similar substrates under the same conditions is amazing. In the previously described aldols5 leading to 5 and 6 no other stereoisomers were observed. Yet when the ynal 7 is employed 8 is the only product observed! Instead of offering ad hoc interpretations that do not flow from sound experimental observations, we prefer to outline an agenda of questions that must be addressed. Why does a particular substitution type on the aldehyde favor or disfavor silyl transfer? Is silyl transfer fundamental or accessory to the stereochemical outcome? Do the sharply differing results arise from a common transition-state McMeekin, D. S.; Craney, C. L. Ibid. 1986 Ibid. , 1255 alignment differing in the placement of the R and H group of the aldehyde or do the reaction types differ in overall topography (chair vs boat, synclinal vs antiperiplanar)? Answers to these sorts of questions are not readily obtained but are crucial to illuminating this interesting stereochemical finding and extending it to new domains. I n the meantime, we note that the chemistry disclosed here and previously5 provides straightforward access to optically pure prostaglandins with complete control of the configuration at either C13 or C15 in any stereochemical sense. and annelated hydroq~inones.l-~ These transformations all have a mechanistic commonality in that the starting cyclobutenones experience a selective electrocyclic ring opening with outward rotation of the electron-donating group at 4-position to give the corresponding conjugated vinylketene~.~ These ketenes then undergo ring closure leading ultimately to the observed products. We now report that the corresponding nonconjugated vinylketenes can be generated from selected 4-allylcyclobutenones and these undergo facile intramolecular [2 + 21 cycloaddition of the ketene group to the nonconjugated allylic double bond, giving bicycl0[3.2.0]hept-2-en-7-ones.~~~ This is a synthetically useful reaction since the starting cyclobutenediones are readily prepared in a variety of substitution patterns, and, based upon analogy, the products are potentially versatile precursors to a number of other systems, including five-, six-, seven-and eight-membered rings.'*8 Specific examples of this transformation are given in Scheme I. The starting cyclobutenediones la-e were converted to the corresponding 4-allyl-3,4-dimethoxycyclobutenones 3a-e upon treatment with allylmagnesium bromide followed by 0-alkylation of the resulting 4-hydroxycyclobuten-1-ones 2a-e with methyl i~d i d e .~ Thermolysis of 3a-e in refluxing toluene then gave the bicyclo[3.2.0]heptenones 5a-e in excellent yields via the proposed ketene intermediates 4a-e. The structure assignments of 5a-e as well as of 2a-e and 3a-e are based upon characteristic spectral data which are provided in Table I .
Additional examples of this unusual ring expansion are given in Scheme 11. For example, it was of interest to see ~~ (9) Treatment of dimethyl squarazla with Grignard reagents has previously been reported to give 1,4-addition rather than 1,a-adducts. see: Kraus, J. L. Tetrahedron Lett. 1985, 26, 1867. However, with allylmagnesium bromide, as noted here, the reaction proceeds to give the l,a-adduct 2a (71 % ) along with the diadduct in which allyl groups have added to both carbonyl moieties (15%). 60.03, 90.73, 119.26, 121.51, 121.71, 123.35, 131.71, 180.70, 191 13C 38.53, 59.98, 92.11, 119.20, 124.07, 126.91, 128.00, 128.24, 128.33, 131.79, 181.94, 190 3380, 3020, 2960 3380, 3020, , 1780 3380, 3020, , 1630 3380, 3020, , 1470 3380, 3020, , 1440 3380, 3020, , 1350 3380, 3020, , 1240 3380, 3020, , 1050 3380, 3020, , 1000 3380, 3020, , 930, 890, 870 3460, 2970 3380, 3020, , 2940 3380, 3020, , 2880 3380, 3020, , 1760 3380, 3020, , 1750 3380, 3020, , 1620 3380, 3020, , 1610 3380, 3020, , 1465 3380, 3020, , 1360 3380, 3020, , 1090 3380, 3020, , 1000 210 (3, EI) oil oil 101-104 3380, 2980 101-104 3380, , 1760 101-104 3380, , 1750 101-104 3380, , 1650 101-104 3380, , 1590 101-104 3380, , 1470 101-104 3380, , 1360 101-104 3380, , 1090 101-104 3380, , 1000 101-104 3380, , 930, 740 3330, 3000, 1760 101-104 3380, , 1635 101-104 3380, , 1600 101-104 3380, , 1500 101-104 3380, , 1470 101-104 3380, , 1450 101-104 3380, , 1370 101-104 3380, , 1320 101-104 3380, , 1010 101-104 3380, , 1000 231 (100, CI) 2c 2d 2e 57-58 3370, 2960, 2940, 2880, 2240, 1770, 1615, 1460, 1360, 1240, 990,930, 640 235 (100, , 2960 , , 2840 , , 1780 , , 1650 , , 1470 , , 1440 , , 1350 , , 1225 , , 1140 , , 1120 , , 1055 , , 1020 , , 1000 , , 950, 930,890,850 1625 , , 1470 , , 1460 , , 1360 , , 1290 , , 1120 , , 1000 , ,930 2970 , , 2950 , , 2880 , , 1770 , , 1635 Elemental analysis data for 2a, 2d, 2e, 6, and 7 are in accord with the proposed structures. High-resolution mass spectra data for all compounds are in accord with the proposed structures.
if the direct precursors to 3, i.e., 4-allyl-4-hydroxycyclobutenones, would undergo analogous ring expansion and thus provide a regiospecific route to bicyclo[3.2.0]heptane-3,g-diones. To this end, the thermolysis of 2a (toluene) was investigated and gratifyingly the bicycloheptanedione 6 was isolated in 65% yield. Nuclear magnetic resonance analysis of the crude reaction mixture showed the presence of the diastereomer of 6 as a minor product, and this could be converted to 6 upon treatment with silica gel. The structure of 6 is based upon standard spectral data (Table I) as well as upon a complete X-ray crystallographic structure determination, which clearly reveals the methoxy groups to be trans to one another. The above synthesis of bicyclo[3.2.0]heptanediones is limited in scope as shown by the fact that the 2-substituent of the starting cyclobutenones plays a dominant role in the course of the reaction. In this regard, 4-allyl-4-hydroxy-3-methoxy-2-phenylcyclobutenone (2d) did not give a bicycloheptanedione as an insolatable product but rather gave 7 (42%) when subjected to the same reaction conditions used for the conversion of 2a to 6.1° This is a particularly unusual transformation and involves an overall dehydrogenation in addition to the molecular reorganization.
Evidence concerning the mechanism of the conversion of 2d to 7, as well as an example extending the synthetic scope of the allylcyclobutenone rearrangement, was obtained from an investigation of the thermolysis of 4-allyl-3-methoxy-2-phenyl-4-( (trimethylsilyl)oxy)cyclobutenone (8). Here, a high yield (89%) of the bicycloheptenone 9 was realized. Desilylation of 9 upon treatment with CsF gave 10 (71%) as a 8:l mixture of diastereomers. It was found that 10 was stable when subjected to the thermolysis in refluxing toluene (conditions used for the rearrangement of 2d to 7) but was converted to 7 (31%) in refluxing toluene in the presence of a few drops of glacial acetic acid." This transformation is envisaged to involve the initial formation of the bicycloheptanedione 10, which then undergoes an acid-catalyzed l,&acyl group migration to give 13 via the carbocation intermediates 11 and 12.12 Dehydrogenation of 13 and/or one of its possible tautomeric isomers under the reaction conditions would then
